Ice streams provide a fundamental control on ice sheet discharge and depositional patterns along 10 glaciated margins. This paper investigates ancient ice streams by presenting the first 3D seismic geomorphological 11 analysis of a major glacigenic succession offshore Greenland. In Melville Bugt, northwest Greenland, five sets of 12 buried landforms have been interpreted as mega-scale glacial lineations (MSGL) and this record provides evidence 13 for extensive ice streams on outer palaeo-shelves. A gradual change in mean MSGL orientation and associated 14 depocentres suggests that the palaeo-ice flow and sediment transport pathways migrated in response to the evolving 15 submarine topography. The stratigraphy and available chronology shows that the MSGL are confined to separate 16 stratigraphic units and were most likely formed during several glacial stages since the onset of the Middle 17
To help understand these long-term changes, especially those associated with ice streams during glacial maxima, 48 landforms observed on palaeo-seafloor surfaces mapped from 3D seismic data can provide information on past ice 49 sheet geometries and ice streaming locations. Landforms can be observed on surfaces preserved within trough-50 mouth fans (TMFs), typically deposited on the mid-and upper-slope, or on palaeo-shelves buried on the middle 51 and outer shelf that built out as the TMF prograded (Ó Cofaigh et al., 2003) . Here, for the first time offshore 52 https://doi.org/10.5194/tc-2019-268 Preprint. Discussion started: 28 November 2019 c Author(s) 2019. CC BY 4.0 License. been observed in 3D (Fig. 3, 4) , the 2D seismic data were investigated for similar cross-sectional features. In unit 145 A10 (~0.45-0.35 Ma) a reflection on the outer-shelf shows a similar corrugated morphology (heights of 10-15 m 146 and widths of 200-300 m) to the MSGL pattern observed in the 3D data (Fig. 6b ). This interpretation as MSGL (set 147 5) is less robust due to the lack of 3D data and whilst it is not possible to unequivocally rule out that these features 148 are something else (such as iceberg scours), an interpretation of MSGL is supported by the location of these features 149 in topset strata above the glacial unconformity that marks the top of unit A9, suggesting the presence of grounded provided consistent topographic steering of ice streams on the inner shelf. On the outer shelf, deposition during the 185 preceding glacial stage likely forced gradual ice stream migration northward due to this deposition reducing the 186 available accommodation for subsequent glacial stages. Thickness maps associated with MSGL sets 2-4 187 demonstrate this gradual, rather than extreme, shift in ice stream drainage pathways that is supported by 5-6° shifts 188 in the mean orientation of each MSGL set from 225° during unit A8 time, to 237° during unit A9 (Fig. 4) . This The partial preservation of the different palaeo-shelves means ice margin fanning on the outer shelf margin (i.e. a 192 less confined topographic setting) cannot not be definitively ruled out as an explanation for differing MSGL 193 orientations, but the observed metrics and depocentre migration provide complementary evidence that this was in pathway and its associated erosion meant that topset deposits in the south, with each passing glacial stage, were 197 increasingly less impacted by the ice stream erosion and therefore the landforms that they contained had a better 198 chance of being preserved through subsequent glacial stages. This suggests that whilst the main palaeo-ice stream 199 trunks associated with each glacial stage were accommodated within the broad confines of the trough, the fast-200 flowing and erosive ice did not occupy its full width (e.g. there are no MSGL present for the LGM (set 6) in the 201 southern part of the trough). This northward migration of the main ice stream pathway is also reflected by erosion 202 and cutting into the deposits of the northern bank ( Fig. 5b) . Although ice stream margin fanning or changes in 203 upstream ice sheet controls cannot be ruled out, the gradual depocentre and MSGL migration suggests that 
